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65A Power/Enhergy Monitor
with Integrated Sense Resistor
DESCRIPTION

Demonstration circuit 2826 features the LTC®2947-65, a
high precision power and energy meter with an internal
65A sense resistor. Three internal AX ADCs ensure ac-
curate measurement of voltage (0V to 15V) and current
(—65At065A), while high bandwidth analog multiplication
of voltage and current provides accurate power measure-
ment (-975W to 975W) in a wide range of applications.
Internal or external clocking options enable precise charge
and energy measurements.

Efficiency loss and external part count are minimized
by an internal 150pQ, temperature compensated sense
resistor, simplifying energy measurement applications
while enabling high accuracy current measurement over
the full temperature range.

Allmeasured quantitiesare storedininternal registers acces-
sible via the selectable 12C/SP! interface.The LTC2947-65
features programmable high and low thresholds for all
measured quantities to reduce digital traffic with the host.

The operating voltage ranges are 4.5V 'to 15V for AVCG/
DVCC and 1.8V to 5V for QVDD.

The current andvoltage measurement inputs can be con-
nected independently from each other to an external load
and power supply. Thus, high side and low side sensing
of positive and negative currents is possible. Voltage can

be measured across any nodes, for example, directly at
the load terminals or at the power supply.

Current and power are internally accumulated for charge
and energy measurementintwo individual sets of registers.
Each set of registers also includes a time base counter.
This makes in total six accumulators, where each can be
started, stoppedand reprogrammed individually to provide
maximum flexibility in many applications. The accumula-
tors have a size of 48 bits for charge and energy and 32
bits for time.

Minimum and maximum values are stored and an over
range alert with programmable thresholds minimizes the
need:for software polling. Data is reported via a standard
12C or SPlinterface. Sleepmode reduces power consump-
tion to less than 10pA.

The'DC2826 was designed to be connected to the DC2026
or DG590 and controlled through the Linduino™-Sketch
or QuikEval™ software. All configuration and measure-
ment data can be written and read through the QuikEval
interface, which provides a convenient way to evaluate
the LTC2947-65.

Design files for this circuit board are available at
http://www.analog.com/DC2826

All registered trademarks and trademarks are the property of their respective owners.
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DEMO MANUAL DC2826

QUICK START PROCEDURE

Various features of the DC2826 can be demonstrated by
using Analog Devices QuikEval Software. QuikEval is a
USB-based product demonstration and data acquisition
software meant to be used in conjunction with the DC590
that connects to individual daughter cards for specific
Analog Devices products. This software can be found on
Analog Devices website at:

http://Itspice.analog.com/software/ltcgev.exe

Connect the DC590 to a PC using the USB cable provided
with the DC590. Now, connect the DC590 to the DC2826
and apply power and load according to Figure 1.

Once setupis complete, runthe QuikEval Software. QuikEval
should auto-detect the DC2826 and provide the user with
a control panel.

INTERFACING THE DC2826 WITH THE DC2026

This board can also interface with the DC2026 Linduino
board whichis partofthe Linduino Firmware Development
Program. The Linduino Firmware Development Program
provides users with convenient driver code, writtenin C,
for a wide range of ADI products. Please see the Linduino
web page for more details.

The DC2026 comes preloaded with a DC590 emulator
firmware which allows for easy interfacing with QuikEval.
Connection is done the same way as for the DC590 (Figure
1). QuikEval will launch the graphical user interface (GUI)
as it would with the DC590. The DC2026 can also be used
as a development platform, example software along with
drivers can be found on the product landing page:

http://www.analog.com/LTC2947-65

NOTE: DC590 and DC2026 (Linduino) programmed with
the DC590B sketch behave the same and so are fully
compatible. This demo manual will mostly use the term
DC590 but still it can be replaced by DC2026 (Linduino).

DC2826 AS LINDUINO SHIELD

The DC2826 may be used as an Arduino/Linduino shield
by stacking it on top of the DG2026 via connectors J5-J8.

In ‘conjunction with a LCD ‘Keypad Shield (e.g. from
SainSmart.com, 101-52-C20), this setup allows to runthe
DC2826 asastand-alone power, charge and energy moni-
tor without the need for a PC. A dedicated set of DC2826,
DC2026 with tailored Linduino sketch and a display can
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Figure 1. Hardware Bench Setup
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Q@UICK START PROCEDURE

be ordered at the product landing page:
http://www.analog.com/LTC2947-65

The tailored Linduino sketch by itself can be downloaded
from that page.

In the shield configuration, DC2826 must be configured
for 12C operation mode, see JP5-JP8 and Figure 2.

Ifdesired, DC2826 connected asashield ontop of Linduino
(DC2026) preloaded with the DC590 sketch can still be
controlled by the LTG2947-65 GUI. As QuikEval is not able
to identify the DC2826 in this configuration, the GUI has
to be installed manually. The following two files must be
downloaded from the Analog web page

http://ltspice.analog.com/quikeval/ins2947.msi
http://Itspice.analog.com/quikeval/setup2947.exe

and placed into one local folder. Install the software by
executing setup2947-65.exe. Afterwards the GUI software
can be started from the Windows Start Menu:

Start Menu\Programs\Linear Technology\L.TC2947-65

Also see the Troubleshooting Connection Errors section
for more details on Linduino shield operation.

LTC2947-65’s GPIO and ALERTB pins are connected to
Linduino pins D2 and D3 as shown in Figure 3.
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Figure 3. GPIO/ALERTB on Linduino Shield Header J6

The Linduino DC590 sketch pulls these pins low by default,
soitisnot possible to evaluate GPIO and ALERTB behavior
in this-configuration.

This doesnot affect.evaluation of the LTC2947-65 using
the software provided by the Linduino Firmware Develop-
ment Program. The DC2826 sketch and the LTC2947-65
library files can take full advantage of the GPI0O and ALERTB
connected to the Linduino 10 pins.
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Figure 2. Linduino Shield Style Hardware Bench Setup
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HARDWARE SETUP
JUMPER AND CONNECTORS

Jumper Settings

It is not recommended to change any jumper settings
while LTC2947-65 is powered up, e.g. while any of the
supplies to A/DVCC, OVDD is applied.

JP1 (CLKSEL): Select between external clock generator
(EXT)and 4MHzcrystal oscillator (XTAL, default). If TBCTL
is set to internal 1MHz clock the setting of JP1 is ignored.

JP2 (A/DVCC): Select AVCC supply input. AVCC is shorted
to DVCC by resistor R9. The supply input can be

1. IP in case of high side current sensing where IP is
always > 4.5V (max. 15V)

2. EXT for an external power supply of 4.5V to 15V con-
nected to turret AVCC

3. 0VDD (default) for an on-board supply of typ. 4.6V
generated byaLDOfrom 5V OVDD supplied by DC590/
DC2026 (in this case the LDO only serves as a.protec-
tion device and is not necessary for normal operation,
see appendix for details.)

For applications where the LTC2947-65 should-also mea-
sure its own supply current, connect AVGC externally to
IM, and place jumper to EXT.

JP3 (VP): Select connection.of'VP. Can be either EXT
(default) for external connection to turret E12 (VP) or IP
for onboard connection to IP.

JP4 (VM): Select connection of VM. Can be either EXT
(default) for external connection to turret E13 (VM) or
GND for onboard connection to ground.

JP5, JP6 (SPI/I2C): Select between SPI or 12C (default)
serial mode. Both jumpers must be set to the same posi-
tion for proper operation. For SPI mode, the jumper JP8
(ADQ) must be set to SPI (OVDD).

JP7, JP8 (ADO, AD1): I2C address selection or SPI mode
operation.

1. For SPI mode set JP8 (ADO) to SPI (OVDD) and set
JP7 (AD1) to R as AD1 serves as the chip select input
(CSB).

2. For 12C mode set JP8 (ADO) to L or R and JP7 (AD1)
to L, R or H to select between the following possible
12C slave addresses:

Table 1. 12C Slave Address Select. Default Is L, L (0x5C).

JP8 (ADO) JP7 (AD1) SLAVE ADDRESS
L L 0x5C
L H 0x5D
L R OX5E
R L 0x64
R H 0x65
R R 0x66

It is not possible to switch between 12C/SPI while the
LTC2947-65 is powered up!

NOTE: If the DC2826 configured to SPI mode is not con-
trolled by the DC590/Linduino but by a custom controller
board it must be ensured that the CSB lineis actively driven
high-in the idle state and low. when a transaction takes
place. For.controllers.that don’t have a push-pull output
but an open-drain buffer the CSB line must be pulled up
by aresistor with a recommended maximum value of 20k
which will safely override the 100k pull-down resistor on
the DC2826 in the static state. Depending on the parasitic
capacitance of the CSB line and the SPI timing a smaller
resistor value may be necessary. If the open drain buffer
is able to sink enough current to pull low a 330€2 resistor,
JP7 (AD1) may be set to H to use DC2826’s R10 as the
pull-up resistor.

Connector Description

J1/E1 (EXTCLK): External clock input. Range 100kHz to
25MHz, low level OV to 0.4V, high level 2V to 5V.

J2/E9 (IP), J3/E11 (IM): Positive (IP) and negative (IM)
input/output of high current path. Use J2/3 for high cur-
rents up to 65A or turrets E9/11 to ease connection in
case of low currents up to 4A.

J4(DC590): Signal/power connectorto DC590 or DC2026.

J5-J8: Connectors to allow stacking of the DC2826 on top
of an Arduino/Linduino.
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HARDWARE SETUP

Turrets

E2 (GPIO) - LED2: General Purpose Input/Output. Lights
up green when pulled low. Default is input.

E3 (OVDD): Power supply for digital interface. For typi-
cal operation it is connected via J4 to a 5V supply from
a DC590/DC2026. In case the user connects another
controller board, a supply voltage between 1.8V to 5V can
be connected to this turret. For an OVDD supply < 4.8V, a
suitable voltage input must be connected to AVCC/DVCC.
See jumper JP2 (A/DVCC) or turret E5 (A/DVCC).

E4 (ALERTB)-LED1: Alert Output. Pulled low onan ALERT
condition (default on start-up). Can also be monitored on
the ALERT turret. LED1 lights up red if ALERTB is pulled low.

E5 (A/DVCC): Analog and digital supply input. AVCC and
DVCC are shorted onboard by zero ohm resistor R9. See
JP2 for possible supply options.

E6 (SCL/SCK): Serial clock input for 12C and SP! interface.

E7 (SDO): Serial data output for 12C and SPI interface..In
12C mode this signal is shorted to SDI bysjumper JP5 to
form the SDA signal.

E8 (SDI): Serial data input for 12C and SPLinterface. In
12C mode this signal is shorted to SDOby jumper JP5 to
form the SDA signal.

E10(CSB): Chipselectinputfor SP!interface. In 12C mode
it is part of the slave address configuration.

E12 (VP), E13 (VM): Positive (VP) and negative (VM)
input of voltage ADC. Measurement range is 0V to 15V.
Make sure jumpers JP3 (VP) and JP4 (VM) are both set
to EXT before applying any voltage sources.

E14, E15, E16, E17, E18 (GND): Ground turrets.

POWERING THE DC2826

The DC2826 supports many different supply options. In
the default configuration OVDD is supplied by 5V from
DC590. For this reason, JP6 (VCCIO) on the DC590 must
be set to 5V. If using a DC2026, set jumper JP3 on the
DC2026 to 5V (default), set jumper JP3 to 5V (default).
See the latest demo manual of those boards for details. If
the supply fromthose boards is disabled or a user specific

board is used, any voltage between 1.8V and 5V can be
connected to OVDD.

A/DVCC can be supplied by IP, externally or on-board
which is the default, see JP2. If A/DVCC and OVDD are
not supplied from the same source, make sure OVDD
reaches its minimum operating voltage of 1.8V before A/
DVCC reaches its undervoltage lockout threshold of 4.5V.
In the default setting of JP2, the power sequence timing
is inherently met.

RINGING

It comes as a surprise to many that seemingly innocent
acts, such as making a connection to a live supply, may
destroy an IC due to ringing. This ringing is an effect of
the LC oscillator that is formed by the cable inductance,
the supply decoupling capacitor and other parasitics. The
longer the cable that is used to power the board, the big-
ger its inductance and so-is the energy that is stored in
It when hot-plugging. Larger inductance also means low
frequency.of the LC oscillator, so the ringing lasts longer.
Under particular-conditions, the ringing can reach more
than two times the input voltage and last several micro-
seconds, enough to exceed the absolute maximum ratings
of the part and destroy it. Figure 4 shows this effect when
hot-plugging A/DVCC to a 15V power supply with a 50cm
cable. The maximum amplitude is over 30V.

5V/DIV

dc2334a FO4

2ps/DIV

Figure 4. Ringing on A/DVCC when Hot-Plugging to a
15V Supply with a 50cm Cable

Avoid ringing by first wiring up the board and then slowly
ramping up the supplies. If OVDD and A/DVCC are supplied
separately, make sure OVDD is turned on first.
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DEMO MANUAL DC2826

HARDWARE SETUP
CURRENT/VOLTAGE SENSE OPTIONS

The DC2826 allows for evaluation of different current

sense/voltage measurement options.
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High Side Current Sense

Figure 5 shows a typical application of LTC2947-65 where
the current from the external power supply is sensed on
the high side. Voltage is measured between IP and ground
(JP3 set to IP, JP4 set to GND) or by an external connec-
tion (JP3, JP4 set to default position EXT), for example,

between the supply or the load terminals.
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Figure 5. DC2826 Powered by DC590/DC2026 and Configured for High Side Sensing
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Figure 6. LTGC2947-65 Powered by Single 5V Supply and Configured for High Side Sensing
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DEMO MANUAL DC2826

HARDWARE SETUP

Low Side Current Sense

The following figure shows a typical application of the
LTC2947-65, where the current from the external power
supply is sensed on the low side. Voltage is measured
between the positive supply terminal and ground (JP3
set to EXT, JP4 set to GND).

It is also possible to sense the voltage between the load
terminals by setting JP3, JP4 to EXT and applying the
proper connection to VP, VM turrets (E12, E13).
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Figure 7. DC2826 in Low Side Sensing Configuration
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DEMO MANUAL DC2826

HARDWARE SETUP

External Oscillator

An external oscillator may be connected to J1 or turrets
E1 (EXTCLK), E18 (GND). The maximum low level voltage
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is 0.4V and the minimum high level voltage is 2V. The
maximum recommended operating voltage is 5V and is
independent from any of the supply pins.
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Figure 9. DC2826 in External Clock Operation
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Figure 10. LTC2947-65 in External Clock Operation

PCB LAYOUT
PCB LAYOUT V'S PERFORMANCE

To get the best performance out of LTC2947-65, it is im-
portant to follow some layout rules, which were mostly
followed on this demo circuit. At some point, a trade-off
between flexible evaluation of different application sce-
narios and the best possible layout and compact PCB

at reasonable costs had to be done. For this reason, the
present demo circuit does not claim to have the perfect
one-and-only layout but one that is reasonable for evalua-
tionand showcasingthe LTC2947-65’s high performance.

For general layout considerations, please consult the data
sheet of the LTC2947-65.
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PC2826 SOFTWARE USER INTERFACE

The DC2826 software userinterface was designed to allow
users to quickly evaluate the LTC2947-65. The user has
the ability to plot/monitor voltage, current, power, charge
and energy, as well as to set fault thresholds and enable,
disable and clear alerts. Once the graphical user interface
(GUI)is started, it will automatically connect to the DC590/
DC2026 (Figure 11) and read out all the register values
from the LTC2947-65.

LTC2947-65 GUI X

Connecting to device

This may take a few seconds, please wait...

Cancel

Figure 11. GUI Connection Progress Window

After the connection is established, the mouse pointer will
automatically jump to some controls that show message
bubbles which provide information about basic operation
steps (see Figure 12, Figure 13, Figure 14) which are:

* Starting continuous conversion

 Enabling Register Auto Read (data transfer from device
to PC)

 Clearing device’s accumulators and trackers and
GUI’s plots

The LTC2947-65 GUI is split into several sub-windows
that can be rearranged and even detached from the main
window by dragging the title, moving around and drop-
ping to a new position. Some sub-windows are hidden
and can be shown by enabling them in the View menu.
All this allows the GUI to be adjusted to any screen size
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Connected via COMB8 to device over |12C, slave address 0x5C (ComDC590)

Figure 12. GUI Overview, Continuous Measurement Notice
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PC2826 SOFTWARE USER INTERFACE

A 1TC2947-65 GUI
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and to show only the information that is of interest for a
given application without overwhelming the user with the
large feature-set of the LTC2947-65.

Any custom GUI layout may be set as the default (View

— Set Default Layout), stored to a specific file (View —

Figure 13. GUI Overview, Enable Data Collection Notice

Save Layout...) or reloaded (View — Get Default Layout or
Load Layout...). The default layout will always be reloaded
on start-up. The GUI may be reset to the factory default
layout by View — Reset Default Layout.
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AT 1TC2947-65 GUI

File View Tools

Auto Read  Help

Operation Control s e

Operating Modes

Single
Continuous

Time Base Control
@) intemal clock

O extemal clock
4 MHz

PRE >

piv |0 >

Read | | Write

Disconnect Device
from USB

Alert Response Protocol

Click ARAto get alert
Cains

<

>

Connected via COMS to device over 12C, slave address 0x5C (ComDC590)

0.6 0.8
Time [s]

Plot: Charge, Energy X -
1
Shutdown
T — Charge1
Reset 1 — Energy1
Misc g E F §
205 | F05 &
Registers Auto g b g‘
Read 5 1 F g
Update Al ] B
Registers 4 L
0 T T T T T T 0
Clear Accus, 0 0. 04 0.6 0.8 1
Trackers Time1 [s]
Click here to clear accumulators, trackers and plots. }
-
Lo
1 1 =1
1 — Current i -
1 — Voltage (VD = VP -VM) T -
q Temperature r < =
< Lo2- @
= 5
§ 05 Fos & -o0s &
'g FL T
S r 8- g
- ST =
o T T 0 =

Charg Time 1

Charge 1

Energy 1

Time Base 1

Mean Power 1 (calc.)

Current, Voltage, Power Meter
Voltage M
+0.0 V
M:
Current M
+0.0 A
M
Power

0.0 v e
M

Chip temperature

IUNl +65.534 Vv
Dl -65.536 vV

in:
B -786.4. ..

(ULE +6690. ..
+5.5 °C [
Max: 76679. o

Supply voltage

Figure 14. GUI Overview, ClearAccumulators, Trackers and Plots Notice
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OPERATION CONTROL
The Operation Control functions are:

1. Connect/Disconnect Device via USB (DC590/DC2026)
2. Enable/Disable Continuous measurement

3. Make Single conversion

4,
5
6

Shutdown Device

. Reset Device
. Time Base Control to set internal or external clock

frequency including calculation of PRE/DIV values for
a given clock (see also Tools Menu section)

Enable/Disable Register Auto Read. If enabled data
is automatically transferred from device to PC every
500ms (default), see section Auto Read Menu

Manually Update All Registers (manually transfer all
data from device to PC)

Clear Accumulator and Tracking registers

10. Clear Accumulator and Tracking registers and reset all
data in all plot windows

11. For 12C only: Send ARA (Alert Response Address) and
get response

In case the GUI is not connected to the device (Figure 15,
left) all controls but the green Connect Device via USB
button are disabled. Hit the green button to establish the

connection.

A window (Figure 16) is shown allowing to specify the
COM port of the DC590/DC2026, serial slave interface

Connect Device n

COM-Port: auto
Serial Inteface: | Auto

ADD AD1
Slave Address:  Auto

Figure 16: Connect Device Configuration Window

Operating Modes

@ Single
@Corﬂinuous

Time Base Cortrol
8 (®) intemal clock

() extemal clock
4 MHz 4k

PRE |/

4k 4k
Ak |4

piv |0

Read Wite

Connect Device via Disconnect Device:
USB @ from USE

Alert Response Protocaol

Click ARA to get alert

response! ARA

response!

Operation control n Operation control

Shutdown @
Resst @

Misc

Registers Auto

Head@

Update Al

Registers

Clear Accus &

Trackers @

Clear Accus,
Trackers &

Plots ‘

Click ARA to get alert

Operation control n
Operating Modes
Single Shutdown
@ Cortinuous Resat
Time Base Control Misc
[OF
= intemal clock Registers Auto
() extemal clock Read
4 MHz @
- = Update Al
FRE |/ - Registers
piv |0 =
Clear Accus &
Read Write B-E;Ck;;s
: . Clear Accus,
Disconnect Device Trackers &
@from Use Plots

Alert Response Protocol

Click ARA to alert
ARA response! ot

Figure 15. GUI Operation Control Functions
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configuration and slave address (for 12C only). In the
default setting the GUI will automatically try to determine
all the settings.

Once the connection is established all sub-windows are
enabled and the GUI will be ready to control the device.
The serial interface configuration will be reported in the
Status Bar of the GUI. As an example Figure 17 shows this
for 12C (upper) and SPI (lower) interface configuration.

Connected via COMIT to device over 12, slave address 0x5C

Connected via COM17 to device over 5PI

Figure 17. Serial Interface and COM Connection Info

Continuous, Shutdown and Register Auto Read are two-
state buttons; meaning, they change color if they are
enabled (highlighted, e.g. blue) or disabled (default e.g.
grey). Figure 15, right, shows this in the case of a running
continuous measurementand enabled Register Auto Read.

Shutdown will put the device into a low-power state. Any
serial transaction to the device will wake itupimmediately.
Forthis reason, Register Auto Read will always be disabled
before issuing the shutdown command to the device. The
GUI will report this as shown in Figure 18.

Shutdown “

Device was put in shutdown mode. Any serial transaction will wake it
up again. To prevent immediate wake-up Register Auto Read was
disabled,

Figure 18. Shutdown Notice About Disabling the
Register Auto Read

Most of the GUI controls will take effect immediately once
they are clicked or a value is entered. The only exception
is the Time Base Control. Any changed configuration and
entered value will only take effect after the Write button is
clicked. If Register Auto Read is enabled, the Time Base
Control values won’t be updated as long the user is making
changes to it. Any changed values will be discarded and
replaced by the current device values if the Write button
is not clicked. If Register Auto Read is disabled, a click on
the Read button will getthe current values fromthe device.

By clicking on ARA within the Alert Response Protocol
section, the GUI will send the alert response address to
the 12C bus. All present slave devices that were issuing an
alert will respond with their slave address. If more than
one device is responding, the lowest slave address wins.
Figure 19 shows all responses the GUI may show after
clicking on the ARA button.

Alert Response Protocol

Click ARA to get alert

ARA response!

Alert Response Protocol

Response from LTC2947
ARA at address Ox5C

Alert Response Protocol

ARA

Alert Response Protocol

Mo slave responsel

ARA

Ara not available in 5P|
mode

Figure 19. Possible ARA Responses
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MULTIMETERS

The GUI shows all measurement quantities in digital
multimeter styles. By default, only Current, Voltage and
Power, Charge 1, Energy 1 and Time Base 1 are shown.
In the View menu, the second accumulators (Charge 2,
Energy 2, Time Base 2), Chip temperature and DVCC
supply voltage can be made visible. See Figure 20 for all
available multimeters.

Chip temp., DVCC voltage B
Chip temperature o
LS +6690. ..
+32.2 °C
| +32.2 °C [
DVCC voltage

. |ECIP
IR . TR

Charge, Energy, Time 1 ﬂ
Charge 1
Energy 1
+720000 . SV s

|~ | Ws
Time Base 1 | mWh |
| +10.0 JNE
Mean Power 1 (calc.)

+20.00003 W

Accumulated quantities are shown in units of h, Wh, Ah
by default. The units can be changed by right mouse
clicking on a specific multimeter and selecting a different
unit from the opened context menu. The Charge, Energy,
Time 1 multimeter in Figure 20 shows the context menu
for unit selection.

The Charge, Energy, Time multimeters include a calculated
mean power display. This value is calculated by the GUI
using Energy E and Time Base TB from the device and
equals E/TB.

Current, Voltage, Power Meter n

Current T
+30.0 A M
Voltage .
+15.0 Vv I
- i +15.0 V|
Power

+450.0 W [

-30.0 A

-

Charge, Energy, Time 2 n .
Charge 2

+120.0 Ah
Energy 2

+1350.0 Wh

Time Base 2

+10.0 h

Mean Power 2 (calc.)

+135.0 W

Figure 20. GUI Multimeters for All Measurement Quantities

Rev (0)

14



DEMO MANUAL DC2826

PC2826 SOFTWARE USER INTERFACE

PLOTS/DATA COLLECTION

The GUI provides two separate plots of collected data. One
for current, voltage, power and temperature, the other for
charge and energy over time. The plots will collect data
whenever the device is in continuous measurement mode
and measurement results are read from the device either
by a manual read (e.g. Update All Registers or read via
the register map) or by the Registers Auto Read function.

The basic steps to start data collection in Register Auto
Read mode are:

¢ Set continuous conversion
 Enable Register Auto Read

 (QOptional: clear device’s accumulators and trackers and
GUI’s plots

The order ofthose steps does not matter. Any time Continu-
ous and Auto Register Read are activated, data collection
is performed automatically.

By default, the plots show Voltage (red) and Current (blue)
as well as Energy 1 (red) and Charge 1 (blue). Other data
is hidden but may be enabled via the plot’s context menu
which can be shown by right mouse clicking in any area
within the plot. The sub-menu Channels will list any avail-
able data, see Figure 22.

Clear All

Zoom »

Export to Clipboard  »

Export to File... »

| Channels » | Current

Trackers 4 Voltage (VP - VM)

Thresholds 4 Power
Temnperature
Voltage at DVCC

Figure 22. Plot’s Context Menu, Channel Selection

Plot: Curr., Volt, Pwr, Temp. n

100

— Current |
— Voltage (VP - VM) |

Max. Voltage (VP - VM) |

TH Voltage (VP - VM) _

un
o
|

P

TL Voltage (VP - VM) |

Current [A]

Min. Voltage (VP - VM) |

a
Woltage [V]

N

Max. Current

/
N
N

/ TH Current
u_
TL Current |
Min. Current |
T T T T T T T e o e T T o e T T o T T T o e o T o T T
3 6 7 8 9 10 11 12 13 14

Time [s]

Figure 21. GUI Plot of Voltage and Current Including Trackers and Thresholds

Rev (0)

19



DEMO MANUAL DC2826

PC2826 SOFTWARE USER INTERFACE

The plot context menu’s functions are:
1. Clear All plot data
2. Zoom

3. ExportplotdatatoClipboardas CSV (Comma-separated
values)

4. Export plot data to File in CSV format
5. Display/Hide Channels

6. Display/Hide Trackers (minimum/maximum values,
not available for accumulated quantities like charge,

energy)
7. Display/Hide Thresholds (low/high alert values)

Plot Zoom Fit

The plots may be zoomed in different ways. Zoom Fit All
will fit all data except trackers and thresholds into the plot
area. Zoom Fit X-Axis/Y-Axis will do the same for X/Y axis
only. Zoom Fit Limits will again fit all axes but will include
trackers and thresholds. The latter is helpful to show the
device’s thresholds which may be far above/below typical
measurementvalues. The lowthresholds, forexample, are
set to the most negative register value. In case of power
the threshold’s low (PTL) default value is =6553.6 Watts.

Clear All

Zoom * Zoom fit all
Export to Clipboard * Zoom fit X-Axis
Export to File... » Zoom fit ¥-Axis
Channels » Zoom fit limits
Trackers »

Thresholds »

Figure 23. Plot’s Context Menu, Zoom

Plot Pan, Zoom, Labels

The following mouse gestures are supported by the plot.
1. Pan vertically by right mouse clicking the Y-Axis

2. Pan horizontally by right mouse clicking the X-Axis

3. Panvertically and horizontally by right mouse clicking
the plotarea. This will pan the first visible channel only

4. Show label with data point values by left mouse click
on a data line

5. Zoomvertically by rotating mouse wheel overthe Y-Axis

6. Zoom horizontally by rotating mouse wheel over the
X-Axis

7. Zoom vertically and horizontally by rotating mouse
wheel overthe plotarea. This will zoom the first visible
channel only

/

=]

Current [A]
e

=]
]

Figure 24. Plot PanVertically by Right Mouse Clicking on Y-Axis

], 1

&@‘aa 400

Time?t [s]

o2 -

Figure 25. Plot Pan Horizontally by Right Mouse Clicking X-Axis

i

Figure 26. Plot Pan Vertically and Horizontally by
Right Mouse Clicking in Plot Area

10
L

4.~ f-ument
e: 2093.26180823724
Cument: 2.79377656634707
—————7—7——

(=]

Figure 27. Plot Show Label by Left Mouse Clicking on Data Line
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Change Thresholds on the Fly

Once the thresholds are visible, they can be dragged by
the mouse and set to a new desired value. Dragging is
indicated by a bold threshold line in the plot, see Figure
28. The new value is written to the device and will take
effect immediately.

The threshold’s visibility may be changed in the context
sub-menu Thresholds.

Clear All

Zoom k

Export to Clipboard  »

Export to File... »

Channels »

Trackers »

Thresholds k Current
Voltage (VP - VM)
Power
Temperature

Figure 29. Plot’s Context Menu, Thresholds

Plot Trackers

The trackers show the minimum and maximum values
of the non-accumulated quantities (Current, Voltage,
etc.). Overwriting trackers is not possible from the plot
window but can be done in the register map control, see
the Register Map section.

Clear All

Zoom

Export to Clipboard
Export to File...

Channels

Trackers
Thresholds

Current
Voltage (WP - VM)

Power

* |* | wv w w w

Temperature

Voltage at DVCC

Figure 30. Plot’s Context Menu, Trackers

Plot: Charge, Energy [ |
— Chargel |
— Energyl [~ 88+0S
3e+04 H
1 TH Chargel [
2e+04 H — 6e+05
= e il e e e e | i e s e i s s | s i e e s v
= 1 IF TL Chargel =
& 1e+04 1 &
5 | /ﬁ I 4e+05 2
] 1 ; 5
/ TH Energyl |
o4
= 2e+05
-le+04 H
/ TL Energy1
Y — —— — — —— — T — T —
1] 2e+04 de+04 Ge+04 Be+04 Te+05 1.2e+05 1.4e+05 1.6e+05
Time1 [s]

Figure 28. Plot: Charge, Energy. Dragging of C1TL Indicated by Bold Threshold Line
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Export Plot Data

There are two ways to export the collected data as CSV

(comma-separated values) from the plot. Export to Clip-
board will copy the selected channel data to the clipboard
to be able to paste it to some other program like MS Excel.
Export to File allows the user to choose a file to store the
data. See following Figure 31, Figure 32.

Clear All

Zoom »

Export to Clipboard  » Current

Export to File... 3 Voltage (VP - VM)
Channels k Power

Trackers » Temperature
Thresholds » Voltage at DVCC

Figure 31. Plot’s Context Menu, Export to Clipboard

Clear All

Zoom 3

Export to Clipboard  »

Export to File... » Current

Channels 3 Voltage (WP - VM)

Trackers » Power

Thresholds » Temperature
Voltage at DVCC

Figure 32. Plot’s Context Menu, Export to File

The GSV data can be easily imported into MS Excel using
the Text Import Wizard as shownin Figure 33 and Figure 34.

Plot Time Axis

All data is plotted over time, but the meaning of time dif-
fers for the two plots.

Non-accumulated quantities (current, voltage, etc.) are
plotted over real time of the PC. The time starts when the
first values are read from the device while in continuous
mode or when the plots are cleared.

A B c D E
time,l_A
16.6098650,0
17.726241%,9.999
18.779642%,30
19.333056f,30
20.8868629,4.998
21.9393435,4.998
22.992571K,-30

LY =R = R R = B Y, B TR RS

=

it i (+)  Match Destination Formatting
11 [
| © %Tmlmpm‘cWizard...

Figure 33. Import CSV into Excel by its Wizard

Delimiters

[J1ab
[] semicolon L

@) Delimited: ime &
() Fixed widtn® - Fields : &.6098656
TZgZ -99%5

Figure 34. Excel Text Import Wizard Settings for CSV

Theaccumulated quantities charge and energy, are plotted
over the corresponding time base. Whenever a triplet of
charge, energy and time of any of the two accumulator
sets is read, it is added to the plot. Charge, energy and
time may be modified during measurement either by a
direct write or by issuing the Clear (Clear Accus, Trackers)
command. Doing so will result in a jump in the plot. If the
time base after this modification is lower than the last time
read, the plot will even go backwards. If this behavior is
not desired, it is recommended to clear accumulators and
trackers together with the plot data (Clear Accus, Trackers,
Plots) or clear the plot data manually (Clear All from the
plot’s context menu).
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STATUS, ALERTS, MASKS

The LTC2947-65 uses several bits that display the status
of the device and the measured quantities with respect
to their thresholds. Whether or not an alert condition is
communicated via the ALERTB pin can be selected by
means of the MASK bits. These bits are shown in the
Status, Alerts, Masks window:

Status, Alerts, Masks n
Mask Alert” Mask Alert™
UVLOAM UVLOA A ETHM E1H -
UYLODM UVLOD A | E1LM EIL o
LIPDATEM LUPDATE rﬁ E2HM E2H o
ADCERRM [] AlavERE =T LAl E1 e

TEERRM TH

1: Result registers have been updated
(latched by GUI) I

PORE 78T CTOFM T CTOF ™ @
UVLOSTBY /&, C20FM C0F @
E1OFM EIOF @
VHM VH @ EOFM E20F @
VLM v 2
TEMPHM [/] TEMPH @ TBITHM [] TBITH @
TEMPLM TEMFL @ TBITHM [ TEBITH @
FANHM FANH @ Teiorm [ TBIOF @
FANLM FANL @ TB20FM [] TB20F @
IHM H @ VDVCCHM [] VDVCCH &3
ILM IL @ vovcclm [ vovecl 6§
PLM FL & ALERTEEN [] ALERTE A\

C1HM C1H
C1LM CiL
C2ZHM C2H
C2LM caL

Clear lcons

© e e e

Read Registers

Figure 35. Status, Alerts, Masks: Current and Past Alerts
Are Shown with Different Icons

Also shown hereisthe Alert Master Control Enable (ALERT-
BEN withinregister ALERTBCTL) bitand an emulated value
of ALERTB pin state.

For instance, to unmask the Temperature High Alert and
activate the alert of the temperature exceeding the thresh-
old, deselect the TEMPHM bit.

All alert bits are cleared on read. The GUI therefore indi-
cates their state by three different icons as shown in the
following table:

Table 2. Alert State Symbols
No alert (even not during a past read)

ADCERR @

UVLOD + | Alert bit was set during a past read but not in the
=== | last read of the register (latched by the GUI)

UPDATE tIi' Alert bit was set in the last read of the register

The warning symbol is a special feature of the GUI that
also takes the history of the bit into account. It shows the
bit was set at some previous read of the related register.
This feature is especially helpful in case of a continuous
measurement with Register Auto Read enabled. Any non-
persistent alert condition would be reported very shortly
and then disappear as it is cleared-on-read. The GUI will
turn the cleared alert into a persistent (latched) warning
symbol that is only cleared by clicking on Clear Icons.

The Mask registers controlwhich Alerts triggerthe ALERTB
pin.dfaMask Registerbit is reset to 0 (check box cleared),
the dedicated alert causes the ALERTB pin to pull low if
ALERTBEN is set to 1 (check box set).

The Alert Master Control register (ALERTBCTL) is high-
lighted with a different color to show that it controls the
effect of all other bits. The DC2826 does not report the
actual state of the ALERTB pin to the GUI. In typical ap-
plications the ALERTB pin will be connected to an interrupt
line of a microcontroller. The GUl emulates the state of the
pin by performing the same operation to all alerts as the
LTC2947-65would do: maskingall alerts by the associated
mask bits, making a wired-or of all the resulting bits and
a wired-and together with the ALERTBEN bit. If the result
is 1, the symbol next to ALERTB will be set to the X- or
warning-symbol. This emulation works as long as Register
Auto Read is enabled. In any case, the ALERT (LED1) LED
on the DC2826 will always indicate the current state.

ALERTBCTL ALERTBCTL

ALERTEEN [v] ALERTE &9 ALERTEEN [V] ALERTE A\

Figure 36. Alert Master Control Enable and Emulated
ALERTB Pin State
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EDIT REGISTER VALUES

If the Register Auto Read is not enabled, the current state
may be read from the LTC2947-65 by clicking on Read
Registers. This will only read registers STATUS to STAT-
VDVCCM. To read all registers from the device, the func-
tion Update All Registers from Operation Control is used.

REGISTER MAP

The Register Map allows direct access to all device Reg-
isters/Values. All data is shown in a table where each cell
corresponds to a single-byte register or multiple-byte
registers grouped to a single device value like charge,

energy and current.

Register values can be edited either by selecting a cell
and typing a new value or by double clicking on the cell
to modify the current value. New values are written to the
LTC2947-65 after pressing enter or leaving the cell. An
entered value may be discarded by pressing the Escape

button.

IMIM
T B

PMAX

(3000

| Enter or leave cell editor to send, ESC to discard. |T

n.Trrr

gty

Figure 38. Cell/Register Editor

Register Map n
~
00 0x1 02 03 Oxd x5 Ox6 07 0x8 09 O (] 0xC 0xD OxE OxF
1 El TE1
1201]
0 0 ]
c2 E2 TE2
010 I_ EWGTCTTN 0 0
020 Srmat 3 Hexadecimal
030 Details Decimal
Write Bina
040 o PMJN,
Read Physical 32767
050 TEMPMIN WDWVCCMAX WOVCCMIN
e 85534 -6679.172 32767 -32768 2767
GPIOST.
OxE0
_ Ij Addr: 0x67 (Page 0)
0x70 GPIO status and control
020 STAT ™ _F_._ - _'; STATC STATE STATCEOF STATTB STATVD A M STATIPM STATCM STATEM STATCEOFM STATTEM STATVDWCCM
I ormat 0 i} 0 0 0 121 &3 15 & & 51 51 3
I[\\} Details Addr: (x84 (Page 0)
xS0 Write Energy Threshold Alerts
ETH
o Read MP O
DD Is [JEIL
— Select All []E2H H3 1He H5
0 L2 0 0 0
D CO
0xD0
ED HCC\%I’L ACCGPCTL ACCIDB ALER:BCTL TB(ETL
Addr: 0xE1 (Page 0) T
OxFO OPCTL Accumulation control of Chargel/2 and Energy1/2 by current polarity. ?ddr. 0t ) {Page ) REGSCTL
B ime Base Control
0 D0: Accumulation takes place always, 0
01: only if the current is positive, PRE_O
10: only if the current is negative, L g
L0 11: Ne accumulation takes place. L I PRE_0 X i 152 Lt
00 CITL Prescaler value bit 0, binary coded. TB1TH
140737488355327 14073748835! s 4254367235
00 E1TH EITL 1D 1
140737488355327 14073748335 []:Dv:z
020 C2TH CaTL | g::‘i TB2TH
140737488355327 14073748835! [ o 4254567295
030 E2TH E2TL Cenfirm changes
140737488355327 14073748835!
04l
050
060
070
ITH ITL FTH FTL
2 -333216 32767 -32768
xS0 TEMPTH TEMPTL WVDVCCTH WDVCCTL TEMPTFANH TEMPTFANL
32767 -32768 32767 -32768 32767 -32768 v

Figure 37. Register Map Function Overview
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REGISTER CONTEXT MENU

By clicking on any register header (e.g. STATUS) or right
clicking on any register value (shown underneath the
header), a context menu with the functions is shown:

1. Change cell’s display format

2. Show cell/register details

3. Write cell/register value to device
4. Read cell/register value from device
5. Select all cells

STATUS STATVT STATIP 5T

Format r

Details |
& Write .'

Read

Select All

Figure 39. Cell/Register Context Menu

Format and Details will be explained in the following sec-
tions. The Write and Read command will immediately
write or read the selected cell value to or from the device.

Select All will select all the cells. It is also possible to
select a range of cells or some individual cells by using
Gtrl or Shift key plus the mouse button. The procedure is
the same as for other Windows programs like MS Excel,
for example. The purpose of selecting more than one cell
is to read and write or change the formats of several cells
at once. See also the following section.

DISPLAY FORMAT SELECTION

Each cell’s display format may be setto either Hexadecimal,
Decimal, Binary or Physical. The Physical format (in A,
As, W, V, etc.) is only available for cells having a physical
value representation as the measurement, tracking and
threshold values.

01149 - :
= Format 4 Hexadecimal

0 Details Decimal
Write Binary |
Read Physical |
IMIN - PN .
1767 Selecl ' 30767

Figure 40. Display Format Selection

The default cell format is Decimal. All cell values may be
changed at once to the physical format, for example. This
is done by first selecting all cells, either using the shift key
plus mouse button or by using the Select All function from
the context menu. Then right click on any of the selected
cells to open the context menu and set the new format.

C1

1000

Format >
Details |
Write ‘
Read

=] Selecwll
WMAX

Figure 41. Select All Cells

TWIN

C1
1000 |

Format 3 Hexadecimal
Details Decimal
Write Binary
Read Physical
WA
2768 Select All -32768
A VTR TEMPMAX
FIRR A2TRT -3X7R8

Figure 42. Change Format of All Selected Cells

The binary and hexadecimal formats are indicated by a
0b and Ox suffix. The physical and decimal format can be
distinguished by the tooltip that is shown after the mouse
has rested for a short while over the cell value. This tooltip
will show the corresponding unit if it is a physical value
or the corresponding LSB value for all the other formats.
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C1
M, 0.001133231606209468
LAY

Physical value in As i
L)

Figure 43. Physical Format Cell Value

C1
1000

by pom
RAW data (L5B: 1.193 pés) i

Figure 44. Decimal Format Cell Value

Ci
[, 0b1111101000
A%

RAW data (L5B: 1.193 pis) [
il

Figure 45. Binary Format Cell Value

C1
N, (x3E8

RAW data (LSB: 1.193 pAs) i
Ul

Figure 46.'Hexadecimal Format Cell Value

REGISTER MAP TOOLTIPS
Theregistermapincludesalot of helpfulinformation shown
in tooltips. They appear after the mouse has rested for a
short while over an element of the register map.

ACCI?’L ACCGPCTL ACCIDE

Addr: OxE1 (Page 0)

Accumulation control of Chargel/2 and Energy1/2 by current polarity.
00: Accumulation takes place always,

071: only if the current is positive,

10: only if the current is negative,

11: N accumulation takes place.

g

GPIOSTATCL
[

Addr: 0x67 (Page 0)
GPIO status and control
STATVDVCC  STATUSM STATWTM

Figure 47. Tooltip of Register Name Showing Its Description

GPIOSTATCL

I},-IE
[0}:GPOEN
i STy [41:GPI .
[51:GPO
[B]:FAMNEN
[T:FAMPOL

Figure 48. Tooltip of Cell Value Showing Bit Description

REGISTER DETAILS

For registers that have bits assigned to functions, the
register context menu provides access to a details view.

Figure 49 shows as an example the access to the details
view of OPCTL. Click on the name OPCTL or right click on
the cell value, select Details from context menu. All bits
with defined functions are listed with check boxes next
to them indicating if the corresponding bit is set or not.
Tooltips show more detailed descriptions for each bit.
Any changes may be performed by clicking on the check
boxes. After clicking on Confirm changes the new value
is assigned to the cell, still allowing to make changes to
it. The-new value will be written to the device after hitting
the ENTER key or leaving the cell (e.g. clicking somewhere
else in the register map).

Format r
Details
Write
Read

Select All

Addr: 0xF0 (Page )

Operation Control = Dt
SHDM
e Ll -
CLR 5377
[] SSHOT
Gx10 [] CONT 55227
RST
Onc 20
RST
030 Global Reset. When set, the 2947 is reset,

TANTYTATYRRTTT

Figure 49. Register Details View
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| OPCTL
g

Addr: QxFD (Page 0) I
Operation Control -
[] SHDM f
CLR FF
W ssHoT | 4

! [] CONT =
[]RsT !

] Confirm changes FF

— |

Figure 50. Register Details View

AUTO READ MENU

The Auto Read menu allows users to specify which regis-
ters/values are read from the device if Register Auto Read
is enabled. The update time may also be specified here.

Auto Read | Help
Charge/Energy,/TE 1 I

Charge/Energy,/TBE 2
C.V, P, Temp. Min/Max
VYoltage Min,/Max

Current Min/Max
Power Min/Maz
Temp. Min/Max
| Status, Alert registers
| Current, Voltage, Power, Temp.
DVICC supply (incl. trackers)
Current History
All but conf.regs.

All registers / values
¥

|3D ms™ |
E Enable m‘

Figure 51. Auto Read Menu

Usually it is not necessary to make any configuration in
this menu. Once Register Auto Read is clicked it will au-
tomatically make the configuration to read All Registers/
Values and set the update time to 500ms.

The update time may be adjusted between 30ms and 10s.
An error will be reported if the entered value is outside
this range.

Update time error

[Q] Update time isn't valid, allowed rangeis 0.03 sto 10 s

Figure 52. Update Time Error Report

In cases where only certain values are of.interest, the
checkboxnextto All Registers/Values may be removed and
other values, €.g. Current, Voltage, Power, Temp. may be
set. Atis then still possible to manually read other values
from the Register Map.

TOOLS MENU

The Tools menu provides access to a stand-alone TBC
Calculatorandto reportfunctionsthat generate C-compliant
source code for register, bit and LSB definitions.

' | Tools | AutoRead Help
I—IE TBC Calculator

Report L5Bs
Report L5Bs Generic

Report Registers
Report Bit Masks

Connect Device

Figure 53. Tools Menu
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The TBC calculator can be used to calculate different
clock configurations without writing them to the device
immediately. It is also possible to use this calculator
without being connected to the device (the calculator in
the Operation Control is not available in this case). The
frequency may be entered in Hz, kHz, MHz. A new PRE/
DIV pair will be calculated after hitting the ENTER or TAB
key or by clicking on any other control within the window.

Clock configuration ﬂ

() intemal clock

®) extemal clock

4 MHz|
PRE 2 £
v 30 =

Figure 54. TBC Calculator

The Report functions allow users to generate G-compliant
source code. The generated code can be copied«to the
Windows clipboard by clicking on To Clipbeard and pasting
into any source code text editor.

Report LSB will output fixed LSB definitions according to
the current TBC configuration with the GUI.

Report LSBs Generic will output generic LSB definitions.
The source code will have pre-set definitions of the current
active TBC configuration that still may be adjusted after-
wards to comply with other clock settings. See comments
like, “...adjust hereif necessary!” withinthe generated code.

LSB Report X

FITEF R E I T E RSB F T E TR EFF I F IR F R R I F IR EF ISR I LT LT FS

/f Definition of LSB constants. Ak

FLELET LTSI P LT T T P TSI T LT T LT TIPSR,

// TBC configuration: Pre=0x7, Div=0x0 (intermal clock)

$ifndef LTCZ547_FPRE

$define LTCZ547_FRE 7

$define LTCZ547_DIV O

fendif

f/f LEB of Cl in As

#define LTCZ2547_LSE Cl 2 _38668e-08

f/f LEB of E1 in Ws

$define LTCZ2547_LSB El 3.897777e-05

// LSB of TBl in s

#define LTC2547_LSB TB1 3.87777e-04

// LSB of CZ in As

#define LTC2547_LSB C2 2 _38668e-08

// LSB of EZ in Ws

fdefine LTC2547_LSB_E2 3.57777e-05

// LSB of TBZ in s

fdefine LTC2547_LSB_TB2 3.57777e-04

f/ LSB of IMRX in A

#define LTC2547_LSB TMAX 0.024

S/ LSB of IMIN in A

$define LTCZ2547_LSB IMIN 0.024

S/ LSB of PMRX in W

$define LTC2547_ LSB PMAX 0.4

f/f LSB of PMIN in W

$define LTCZ2547_LSB PMIN 0.4

f/ LSB of VMAX in WV

$define LTCZ2547_LSB VMAX 2e-03

f/ LSB of VMIN in V

§define LTCZ547_LSB VMIN 2e-03

// LSB of TEMPMAX in °C

§define LTCZ547_LSB TEMPMRX 0.204

/f Offset of TEMPMAX in °C

$define LTCZ547_OFFS5_ TEMPMAX 55

// LSB of TEMPMIN in °C

§define LTCZ547_LSB TEMPMIN 0.Z204

/f Offset of TEMPMIN in °C

#define LTCZ2547_OFFS_TEMPMIN 5.5 L
To Clipboard

Figure 55. LSB Report

The Report Registers command will generate address
definitions of all available single-byte registers and base
addresses of multiple-byte device values. See comments
within the source code for details.
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ff LSB of CZ in RAs
fdefine LTCZ2547 LSE CZ
/f LSB of EZ in Ws

Generic LSB Report x
FELEF LT L PP LT F P A rr i rririrrirrss ~
ff Definition of L5B constants._ i

PELELSSS L FSISSISSFTELSR T FET LIS S EESSISS TSP TS L A AF i

gifndef LTCZ947_ PRE

fdefine LTCZ347 PRE 7 // pre-set by current GUI configuration, adjust here if necessary!
fdefine LTCZ2547 DIV 0 // pre-set by current GUI configuration, adjust here if necegsary!
gdefine LTC2947 EXTCLE 4e€ // pre-set by current GUI configuration, adjust here if necessary!
§define LTCZ2347_EXTPER (1._0/LTCZ347_EXTCLE)

fendif

gdefine LTCZ25947_INTC 3le-&

f£f LSB of Cl1 in As

fdefine LTCZ947 LSB Cl {0.07658591 * (LTC2947_ PRE T ? LTC2947 INIC : LICZ2947 EXTPE
ff L5B of E1 in Ws

fdefine LTCZ2547 LSE E1 {1.28315 * (LTC2547 PRE — 7 ? LTC2947 INTC : LTCZ3547_ EXTPER
ff LSB of TBL in s

#define LTCZ2947_LS5B TB1 {12_8315 * (LTCZ947 PRE = 7 ? LTCZ947 INTC : LTCZ%947 EXTEPER

{0.0769891 *

({LTC25947 PRE

7 2 LTCZ2547 INTC : LTCZ3947 EXTEE

Jf Voltage,

<

//f Current Power Threshold RAlerts
fdefine LTCZ947 REE STATIP Ox082

/f Hote: The address constants are 9 bit values where J/
/f the lower B bit define the address and the Sth bit J/
/f defines the page! £
TITITE T RTEF ST IE LTSRS FTRTSFTISI AL EL S
/f GPIO status and control (register on page 0)
#define LTC2947_ REG GPIOSTATCL 0Ox067

/f Status register (active high) (register on page 0)
fdefine LTCZ2947_ REE STATUS 0Ox0820

Temperature Threshold Alerts {(register om page 0)
fdefine LTCZ2947 REE STATVT 0x081

{register on page 0)

>

To Clipboard

§define LTCZ2947_LSB EZ {1.28315 * (LTC2347 _PRE = 7 ? LTC2347_ INTC - LTCZ%47_EXTPER

/f LSB of TBZ in s

gdefine LTC2947 LSB TB2 {12.8315 * (LTC2947 PRE == 7 2 LTC2947 INTC : LTC2947_ EXTPER

/f LSB of IMRX in A

fdefine LTCZ347_LSE IMRY 0.0z24

/f LSB of IMIN in A

fdefine LTCZ2547 LSB IMIN 0.024

f/f LSB of PMRAX in W

gdefine LTCZ947_ LSB_PMAX 0.4 -

< >

To Clipboard
Figure 56. Generic LSB Report
Register Repor]b ﬂ Bit Mask Rep%t u

FLFITIITIF LT T T BT R TR IS I LTI FTE TS TSP TR T AP T IR T ~ TSI TIEFT TR TT ST TR E T ST RS ETE TP IR TSRS T ST FET RS A
// Definitions of available registers without those fr /7 Definition of all bit masks. i
// that are part of multiple byte values 1 SETETIT TR TR T ETFTFRFF TR FFEFEFETETFEF I E LR IATET
Ff le.g. accumulators) . i
i Y

S/ GPIOSTATCL bit masks

S/ GPIC output enable (0: imput, 1l: output)

fdefine LTC2347_ BM GPICSTATCL GPOEN Oxl

S/ BRpplied lewel at pin GPIO

gdefine LTCZ547 BM GPIOSTATCL GPI 0x10

S/ GPIO output walue (don't care if GPOEN = 0)

gdefine LTCZ947 BM GPIOSTATCL GPO 0xZ0

S/ GPIO fan control enable

S/ 0: GPIO controlled by GPO

Sf 1z GPIO contreolled by temperature measurement against t
fdefine LTC2547_BM GPIOSTATCL FANEN Ox40

S/ Polarity of GPIO if FANEN = 1

JSf Dz low actiwve

JSf 1z high actiwve

fdefine LTCZ947 BM GPIOSTATCL FANPOL 0x80 ¥}

< >

Ta Clipboard

Figure 57. Register Report

The Report Bit Mask command will generate bit mask
definitions of all functions assigned to bits. They can be
used for test-bit, set-hit, clear-bit functions by performing
bitwise operations.

Figure 58. Bit Mask Report

See also the Linduino source code for the LTC2947-65 for
details on how the generated code is used.

Rev (0)

20



DEMO MANUAL DC2826

APPENDIX

LDO BETWEEN OVDD AND A/DVCC

The LDO LT1761 (U2) mainly serves as a current limiting/
protected connection between OVDD and AVCC/DVCC. It
is not necessary to operate the LTC2947-65 but eases the
usage of the DC2826.

The LDO’s output voltage is set to guarantee the minimum
supported operating voltage of AVCC/DVCC (>4.5V).
Thanks to the LDQ’s reverse current protection, the user
is always able to supply a higher voltage to AVCC/DVCC
without worrying about conflicts to OVDD’s operation
range and setting of jumper JP2.

If the user accidently sets a voltage < 4.5V to AVCC/DVCC
and JP2 is set to OVDD, the LDO will limit the current to
around 100mA. If this condition remains, the LDO will
eventually go into thermal shutdown. This protection
should at least prevent any irreparable damage to the
DC2826 but it is not allowed to leave the board in such a
condition for a long time.

The LT1761 has a maximum dropout voltage of 290mV at
aload current of 10mA (worst case condition of LTC2947-
65’s AVCC/DVGC, typical value is much less). Thus, the
minimum input voltage is 4.79V (for VOUT > 4.5\), which
is normally ensured when operating the DC2826 with
DC590/DC2026 and having theirVICCIO configured to 5V.

The user is still able to seta lower voltage to OVDD either
by using DC590 and setting jumper JP6, by using DG2026
and properly setting JP3 or by sourcing another voltage
from his own application board. In this case, the user
can supply A/DVCC from IP or an external connection to
A/DVCC.

TROUBLESHOOTING CONNECTION ERRORS

Several reasons might prevent the GUI (or QuikEval) from
connecting to the DC2826. The GUI tries to identify the
demo circuit by going through all COM ports of the PC
and sending commands thatare recognized and answered

only by a DG590/DG2026. If, for some reason, any other
program is accessing the COM ports, this could lead to
a failure. In this case, try to close all other programs and
restart the GUI directly from the Windows Start menu.

After the GUI finds the right COM port, it will try to iden-
tify the DC2826 by reading the onboard EEPROM. This
will fail if the DC2826 is used as a shield on top of the
Linduino. As described earlier, the GUI has to be started
by the program menu entry in the Windows Start menu in
such a configuration. When started manually (so not by
QuikEval), the GUI will still perform the EEPROM check.
The reason for doing this is to prevent the GUI from con-
necting to some other demo circuit from Analog Devices.

If the connection fails the first time, the GUI will show
a window that asks if the DC2826 is connected as a
shield. Answering yes will skip the EEPROM ID check.
Make sure no other demo circuits are connected to the
PC.in this case, at least during.start-up of the GUI. After
the GUI has started it.is'still possible to use other demo
circuits simultaneously. In.case of a reconnection, the
right-LTC2947-65 demo circuit may then be defined in
the Connect Device configuration window as described
in the Operation Control section.

Connection failed 3

Unable to connect. If ywou are using the derno board as a shield plugged

! on top of Linduino click yes to retry..

e ) w

Figure 59. Linduino Shield Connection Failure Message

After the GUI establishes a connection to the DC2826, it
will also try to communicate with the LTC2947-65 and
perform some basic register access. As the GUI is not
aware of the SPI/I2C jumper configuration, it will just try
all possible combinations: first 12C with all possible slave
addresses and finally SPI. If the SPI/I2C jumpers are set
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toanon-allowed combination (e.g. configuring SPI by JP8
but setting JP5/JP6 to 12C or vice versa), the connection
will fail. Remember, it is not possible to switch between
12C and SPI while the LTC2947-65 is powered up!

If the connection still fails, the Connection Error window
might give some hints about the root cause.

Some hints within the error log could be:

11:47:41.982 | Info | Found 3 COM ports ([0]:CO
M14,[1l]:COM12, [2]:COM13), will try to find
device on these ports... | ComDC590

Isthe COM port listed where DC590/DC2026 is expected?
| x |

| Emor connecting to device via ComDC530, see details below: ~
Device not found on COM14

Device not found on COM12

Device not found on COM13

| Device not found on COM14

| Device not found on COM12

| Device not found on COM13

Device wasn' found Emor Details:

| Info | Connecting to device | TbDCS90LTC2947_8 9

Info | This may take a few seconds, please wait... | ToDCS90LTC2947 8 9

Info | Disconnect successful. | ComDC530

Info | Found 3 COM ports ([0]:COM14,[1]:COM12.[21:C0M13), will try to find device on these
ports... | ComDCES0

Verbose | Try to open COM port COM14 | ComDCES0

| Info | COM port COM14 opened successfully, will look for connected device ... | ComDC550

| Info | Sleep 3000 ms | QueuedBackgroundWorker

Info | Ty to get Hello string from DC5S0 | ComDCE30

Waming | Mo Hello string received fthis is nomal if this wasn' the first connection to DC530)
ComDC550

Verbose |i-command answer: USBSPIPIC,01,01,DC.DC530, ComDC5590

| Verbose | lcommand answer: LTC4222 Cls D4222,01,01,0C,DC1134, ComDC530
Emor | Unexpected element within Demo Board ID string, got LTC4222, expected LTC2947 at
position:0 | ComDCH30

Info | Disconnect successful. | ComDC530

Waming | Device not found on COM14 | ComDC530

Info | Disconnect successful. | ComDC530

Connection Error

W

To Clipboard

Figure 60. Connection Error Details View

Error | Unexpected element within Demo Board
ID string, got:LTC4222, expected:LTC2947 at
position:0 | ComDC590

Some other demo circuit is also connected to the PC. In
most cases this is not a problem, as the GUI only checks
the demo circuit’s EEPROM ID and does not try to connect
to any demo circuits other than DC2826.

11:47:50.525 | Error | Couldn't talk to device
via COM12 wusing I2C, slave address:0x5C |
LTC2947 8 9
11:47:50.716 | Error | Couldn't talk to device
via COM12 wusing I2C, slave address:0x5D |
LTC2947 8 9

11:47:51.642 | Error | Couldn't talk to device
via COM12 using SPI | LTC2947 8 9

Somethingis wrong with the serial interface configuration,
see JP5/JP6. Also, remember that in the Linduino Shield
operation mode only 12C is allowed.

11:47:56.857 | Error | Com Readliine failed:The
operation has timed outt | ComDC590
11:47:56.857 | Exror | Failed to get Demo Board
ID string | .ComDC590

11:47:56.857 |tError | Unexpected length of Demo
Board ID string, got:0, expected:8 | ComDC590

Those.messages will appear if the DG2826 is used as a
Linduino shield and the GUI is not aware of it. Make sure to
reply with yes to the message window shown in Figure 59.
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ESD Caution
‘2 \ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and
conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation
Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”)
and Analog Devices, Inc. (“ADI”), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to
Customer a free, limited, personal, temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and
agrees that the Evaluation Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted
is expressly made subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third
Party to access the Evaluation Board. As used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is
NOT sold to Customer; all rights not expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all
be considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of
use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile
or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited
to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS
Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF
LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY
DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS
LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER’S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING
BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE
HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States
federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts
(excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits
to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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